INTRODUCTION
It is well known that pseudopotentials do not have a unique representation. The general requirement of a pseudopotential is, that it reproduce the valence characteristics of an all-electron system. Zunger and Cohen' have developed a systematic method to produce pseudopotentials in the densityfunctional (DF) formalism for any element in the Periodic Table by imposing certain physically motivated constraints on the pseudo-wave-functions. The Zunger-Cohen potentials were successfully applied to characterize a large class of crystal structures' and were applied to a number of electronic structure problems (e.g. , bulk properties'). However, these potentials are given in numerical form and, hence, are not easily accessible. In this work, an analytic form is used to fit the potentials. This form is given by Eq. (29) , and the fitting parameters are tabulated in Tables I -IV and the Appendix. The form chosen is simple so that the physical properties of the potentials could become more apparent. In Sec. I the choice of the analytic form and its physical interpretation are discussed. In Sec. II the calculational methods are described, and in Sec. III the quality of the fits are discussed.
Section IV describes the chemical trends reflected by the fitting parameters; applications of these analytic potentials are also briefly discussed.
I. ANALYTIC FORM OF THE PSEUDOPOTENTIAL
The formalism of Ref. 1 has been implemented by using numerical integrations, and the resulting pseudopotentials are, thus, numerical. 'They can be used in numerical form for electronic-structure calculation'', however, in this paper, we are concerned primarily with simple, analytical representations which reproduce in a transparent form the systematics of the potentials. We will, therefore, start from the exact closed form of the potential and apply a number of simplifying approximations to deduce the correct analytical asymptotic forms. We will then use these forms to devise a simple interpolative analytic form for all x values.
The exact expression for the Zunger-Cohen potential of a particular angular momentum symmetry, l, is' v', (~) = U, (~)+ v,[p] -v, [&l. U, (r) is the nonlocal (i.e. , I-dependent) 'Pauliforce" term which replaces the kinetic energy of the true valence state, due to valence-core orthogonality, by a potential ba, rrier. U, (r) ha. s the following closed form': " (, ) . .t(»i -~. r)4.«) (2) 'C", tt", (r) The &fr", 's are the all-electron nodal wave functions (i.e. , core and valence) and q", 's are the corresponding eigenvalues. X is the principal quantum number of the valence state for which the potential is generated, and the sum is extended over both the core and valence states. The C", 's define the normalized pseudo-wave-function, X«(y), through the unitary rotation X», (r) -=Q C", g", (g) .
In the Zunger-Cohen scheme, the C", 's are determined by imposing some physically motivated constraints on X", (r). ' Generally, C», = I and C", 2.0 2.5 3.0 3.5 R (a.u. ) where N"", " and N"",are U"' (r) = (C, '/r ') exp(-C, 'r) .
This has the same form as the "renormalized 
The different contributions are separated by round parentheses and are plotted in Fig. 3 Vx[p] in II and using the fact that at large y p"&&p"one obtains
which cancels with (16). Thus at large r at -. 1-3 a.u. It turns out that the form for Z, =18. For completeness, the Ga to Br potentials with 3d in the valence and potentials for the 4d with 3d in the core are given in the Appendix.
In the work of Andreoni and co-workers, ' the following expression for V, ', was assumed: 
g large r(r) 4 5 2(C2+ r2)2 yields a good fit for V~4(r) at large r (see Fig. 4 ). 
works very well for atoms in the first two rows of the Periodic Table. However, for the third row (the transition metals), Eq. (22) is too attractive at small y. This is because, as Z increases and the core charge is pulled inward, the FermiThomas form underscreens the nucleus. This effect can be accounted for by introducing which has the correct limits: lim"~W,(r) = Z/rand lim""W, (r) = Z"lr, wh-ile Eq. (26) fails for the former limit.
In the following sections we will describe the method of fitting and the quality of the fits using the following analytic form for V~", , (r): 4'm'll "(r) = C, exp(-C, r) . i.e. , a least-squares fitting with a weighting function, ur(r). For states with only one core state, choosing~(r) to be unity is adequate (See Fig. 5 
IV. TRENDS AND APPLICATIONS
The fitting parameters reflect the chemical trends of the elements. We will examine them in order:
(1) C, ' [ Fig. 8(a) 
Large C, ' means small core and vice versa. Since Ne has the tightest core, it has the largest C,.
(b) The discontinuity of C, going from lower to higher Z, is due to the additional core states.
(c) Again, C, ' and C', are insensitive to whether the 3d is in the valence or core regions.
(d) As the number of core states for l = 0 and l =1 approaches the same value, the nonlocality diminished; e.g. , for Z, =18 and 28, C, =C', .
(3) C, (Fig. 8(c) 
The value of the slope decreases as Z, increases because of screening. Table: one (C,) for determining the size of the total core, another (C,) for determining the size of the core due to angular momentum l only, and finally, one (C,) C, is the magnitude of b™~'(r). As Z" increases, there is more charge being pulled inward; as a result, C, increases.
(7) C, [ Fig. 8(g corrections, b~»'"(r) and &~"(r), can be ignored; therefore, V"", has an even simpler form:
V~", , = (Cf/r')exp(-C', r) -(Z,/r)exp (-C, r) . (42) Further simplification can be made by fitting C" C'"and C, with functions of Z and Z,; the pseudopotential can then be completely specified by the atomic-charge and core-charge numbers (42) and the calculated function of Z and Z, . Table IV shows that the l =0 and l = 1 potentials are quite independent of the valence configurations.
This fact shows that these pseudopotentials depend only on the core, thus implying tr ansf er ability.
